Background and Objective: One of the main tasks of clinical microbiology laboratories is to determine antibiotic resistance profiles in common pathogens and ensure the selection of effective antibiotics for certain infections. The aim of this study was to compare the methods of disk diffusion, broth microdilution and modified Hodge test in Escherichia coli isolates from urinary tract infection and diarrhea for susceptibility testing against beta-lactam antibiotics in Kerman, Iran.
of mechanization or automation is a disadvantage of the disk diffusion method (1) . It is of great importance to identify β-lactamresistant bacteria correctly as well as the bacteria capable of producing ESBL-and metallo-beta-lactamase (MBL) enzymes that play a fundamental role in the development of resistance to these antibiotics. Thus, this study aimed to compare the disc diffusion, Hodge modified test and broth microdilution method for identification of isolates that produce ESBL and MBL enzymes, in addition to evaluating these methods in relation to the effect of β-lactam antibiotics on E. coli isolates from clinical samples.
MATERIAL AND METHODS
In this study, 432 E. coli isolates were collected from UTI samples (216 isolates) and diarrhea samples (216 isolates) obtained from the laboratories in the city of Kerman, during a period of 8 months in 2013. The isolates were identified on specific culture media using standard bacteriological and biochemical tests. The approved isolates were kept in LuriaBertani broth (Biolife Laboratory, Milan, Italy) with 30% glycerol at -70 °C until the start of experiments and determination of antibiotic susceptibility. Broth microdilution method The Minimum Inhibitory Concentration (MIC) was determined using the broth microdilution method according to the CLSI protocol (2013) (6). Powders of ceftazidime (1 μg/mL), cefotaxime (1 μg/mL), imipenem (1 μg/mL), cefepime (1 μg/mL) and meropenem (1 μg/mL) were added. After 24 hours of incubation at 37 °C, the turbidity was assessed to indicate bacterial growth and results were later recorded in a specific table. According to the definition, the concentration (most diluted) of the last well with no turbidity was determined as the MIC. The antibiotic powders used in this study were purchased from Glasgow Co. (UK) and HiMedia Co. (India). The Kirby and Bauer method was used for determination of antibiotic susceptibility of the isolates according to the guidelines of CLSI (2013) (6). The Mueller-Hinton agar medium (Merck, Germany) was used to perform disk diffusion method. Cefepime (10 μg), ceftazidime (30 μg), cefotaxime (30 μg), (2, 3) . Among the clinical isolates that produce extendedspectrum β-lactamases (ESBL) enzymes, the members of the family Enterobacteriaceae, particularly E. coli show resistance against β-lactam antibiotics. These antibiotics are normally used to treat several nosocomial and community-acquired infections (4). Carbapenems are effective as the last line of antibiotics defence against fermentative and non-fermentative bacteria involved in majority of common nosocomial infections such as UTI, respiratory infections, wound infections etc. Hodge modified test is a method with a high sensitivity and specificity (>90%) for detection of carbapenemase-producing isolates (5, 6). The correct diagnosis of clinical microbiology laboratories is necessary to identify ESBL enzymes using combination disc test, which is often performed by the routine method of disk diffusion. In addition, the Clinical and Laboratory Standards Institute (CLSI) stated the disk diffusion and broth microdilution methods as the standard tests to confirm the identification of E. coli, Klebsiella pneumonia and ESBL enzyme-producing K. oxytoca (6). The broth microdilution method can be performed using panels and commercial reagents due to its repeatability. Computer reports can also be presented through reading the automatic panel. However, the main disadvantage of broth microdilution method is the difficulty in the lack of choosing some antibiotics in the commercial panels. The lack ceftazidime-resistant, 105 (24.30%) were aztreonam-resistant, 66 (15.27%) were cefepime-resistant and 8 (1.85%) were resistant to imipenem. The highest and lowest levels of resistance in the disk diffusion method for UTI and diarrhea isolates were observed against cefotaxime and imipenem, respectively (Table 1) . Broth microdilution test was performed on 221 isolates from UTI and diarrhea samples that were resistant against at least one antibiotic in the disk diffusion method. The highest rate of resistance was seen against cefotaxime (117 isolates), ceftazidime (96 isolates), cefepime (63 isolates) and imipenem (2 isolates), respectively. None of the isolates in the broth microdilution method were meropenemresistant. The highest level of resistant among the UTI isolates was against ceftazidime, while none of the isolates were resistant against imipenem and meropenem. Diarrheal isolates showed the highest rate of resistance against cefotaxime and none of them was resistant against meropenem ( Table 1) . None of the isolates was reported as positive based on the results obtained from the isolates of UTI and diarrhea in the modified Hodge test to confirm the MBL enzymes. imipenem (10 μg) and aztreonam (30 μg) disks were purchased from the Padtan Teb Co. (Iran) for this study. test was performed to detect carbapenemaseproducing isolates according to the guidelines of CLSI (2013) (6). Thus, a suspension of the reference strain of E. coli ATCC 25922 was cultured on Mueller-Hinton agar equal to a 0.5 McFarland standard. This strain is susceptible to the carbapenem antibiotics (imipenem and ertapenem). Ertapenem disk (Padtan Teb, Iran) was placed in the center of the plate and streak culture of the isolates and controls was done from the edge of the disk to the end of the plate. The plates were incubated overnight. If the isolates tested are ertapenem-susceptible, a complete halo appears around the disc. However, if the isolates are resistant to ertapenem, the created zone will be incomplete (in the form of cloverleaf) and growth of the reference strain of E. coli ATCC 25922 becomes apparent around the isolates.
INTRODUCTION

RESULTS
The results of antimicrobial susceptibility tests by the disk diffusion method showed that 221 isolates (51.15%) were cefotaxime-resistant, 132 (30.55%) were meningitidis, this method should be performed using standard procedures, specific culture medium, incubation conditions and certain terms for interpretation of the size of the growth inhibition zone (8, 9) . The function of tools for antibiotic susceptibility testing should be constantly monitored and updated if required, due to the emergence of new antimicrobial resistance mechanisms, including resistances that are difficult to identify (such as some carbapenemase-producing Gram-negative bacteria and antibiotic susceptibility testing of Staphylococcus aureus to vancomycin). In some cases, it is necessary to use specific methods such as the modified Hodge test for carbapenemase-producing bacteria to complete routine tests (1). Torres et al. study (2009) compared disk diffusion method, E-test and VITEK 2 system on susceptibility testing of P. aeruginosa to β-lactam antibiotics (piperacillin, piperacillin-tazobactam, ceftazidime, cefepime, tazobactam and imipenem). The results of the mentioned study were compared with the broth microdilution method, which is proposed by the CLSI as the standard method. Very large errors that are showed as false sensitive were only identified by the disk diffusion method for tazobactam and cefepime, while all three methods could identify imipenem. The major errors that are reported as false resistant were generally acceptable for all antibiotics except tazobactam. VITEK 2 system showed a high level of minor errors (a tendency toward false sensitivity) particularly to ceftazidime and cefepime. In general, E-test showed a high rate of false-resistant results to all antibiotics among the tested methods, while the disk diffusion method showed a high rate of falsesusceptible results to all antibiotics except ceftazidime (10). broth microdilution method, which showed that only 11 isolates were moderately resistant or resistant to imipenem and meropenem. Among the Enterobacteriaceae isolates, 13 E. moderately susceptible and resistant isolates in the mentioned study were re-evaluated by the resistant to imipenem and meropenem. The coli isolates were reported as imipenem and family were moderately susceptible and meropenem-susceptible or moderately areas,
DISCUSSION
In this study, the antibiotic susceptibility of the isolates to five antibiotics was assessed. In the disk diffusion method, the highest level of resistance was to cefotaxime and ceftazidime, while the lowest level of resistance was to cefepime and imipenem. The resistant strains in the disk diffusion method were evaluated by broth microdilution method and the highest level of resistance was related to cefotaxime and ceftazidime, while the lowest level to meropenem and imipenem. However, none of the isolates were positive for production of carbapenemase enzyme in the modified Hodge test. Based on the results of this study, two E. coli isolates from the diarrhea samples were imipenem-resistant in the broth microdilution method, although none of the isolates were positive for production of carbapenemase enzyme in the modified Hodge test. However, the modified Hodge test is considered a weakly positive test for carbapenemaseproducing E. coli isolates and a strong positive test for the carbapenemase-producing K. pneumoniae isolates (7). Both disc diffusion and broth microdilution methods have their own advantages and disadvantages that are discussed below. An advantage of the broth microdilution method is that it can express the results quantitatively, while the main disadvantages of this method is the state of boredom and exhaustion during the experiment. Manual preparation of antibiotic solutions for each test, the possibility of introducing errors in the antibiotic solution and relatively high amount of space and reagents required for each test are other disadvantages of the broth microdilution method. The Disk diffusion is a simple method that does not require special tools, enables physicians to interpret definite results easily and the disks can be chosen conveniently for testing. This test is the most cost-effective method of antibiotic susceptibility testing (about 2-5 dollars per test for materials used) and the qualitative results are expressed in three forms of susceptible, intermediate or resistant. The disadvantage of this method is that all difficult to grow and slow-growing bacteria cannot be accurately assessed in this method. For bacteria such as Streptococcus spp, Haemophilus influenzae and Neisseria from UTIs are more resistant to cefotaxime, ceftazidime, aztreonam and imipenem in comparison with the isolates from diarrhea. The laboratory experts should correctly perform antibiotic susceptibility tests. They should also identify and inform the physicians about the mechanisms of drug resistance, particularly the most important forms such as beta-lactamases resistance. Moreover, there are some difficulties involved in carbapenem resistance testing. Thus, laboratories are recommended to use independent alternative antibiotic susceptibility tests such as the modified Hodge test to confirm results that are moderately sensitive and resistant to carbapenem. Porin-loss, AmpC beta-lactamase enzymes or/and CTX-M are among the reasons for false-resistant and false-sensitive results in the modified Hodge test. However, the tests including PCR, western blotting and finally sequencing can resolve these results. The exact cause of resistance of a bacterium to various antibiotics should be identified in the laboratory to determine the best treatment option for patients.
